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Abstract—The surface modification of Nano-structure has 
allowed specific and selective detection to be made on nano 
structures devices. Current study, a nanowire was surface 
engineered with the potential of silicon nanowires biosensors 
(SiO2) which enhance the biosensor activity especially 
identifying single-stranded bio-molecular such as E.coli DNA. 
The device's capabilities were studied based on it response n 
electrochemical activities of the terminal group of the surface 
modification agent. NH2 -terminated APTES) to provide rigid 
chemistry  between the DNA organic and Si inorganic link of a 
biomolecule single_stranded ssDNA probe and SiO2_APTES 
link nanostructure. Thus, the study demonstrates that silicon 
nanowire sensing capability to discriminate molecular probe to 
that of molecule target of supra-genome 21 mers salmonella due 
to sensitive surface chemistries that made distinguishing the two 
species. The device captured the molecule precisely; the 
approach took the advantages of strong binding chemistry 
created between APTES and biomolecule. The results indicated 
how modifications of the nanowires provide sensing capability 
with strong surface chemistries that can lead to specific and 
selective target detection. 
 





The characterization and optimization of fabricated 
microfluidics-based on flow profile are generally attracting 
serious attention, and the morphological have used a few test 
systems for topography and leakage test [1]. The process 
equally allowed to understand the effect of sensitivity and 
selectivity of the sensor after the integration of nanostructures 
and nanomaterials in one single device. This will allow 
comparing the performance of Lab-On-Chip through 
characterization and its readability of measurements [2]. 
Polysilicon nanowire biosensor is a promising tool in 
biosensor design because of their ultra-sensitivity, selectivity, 
and label-free and real-time detection capabilities [3-6]. The 
use of biosensor as screenings application options for high 
selectivity and sensitivity, as well as high throughput 
detection. By applying a nanowire biosensor as a Lab-On-
Chip module, the cost of conventional methods can be 
reduced as well as opting for a faster detection at a very low 
amount of concentration [6]. The use of nanobiosensor allows 
for rapid identification with the possibility of within 1 hour 
for confirmation, in addition to multiple detections of 
diseases. The use of Nano biosensor has serious bring to the 
hope the way medical practitioners dream of making the lab 
to the patient bed. 
Many techniques only imagined a few years ago are 
making remarkable progress towards becoming realities [7]. 
Recognizing the importance of nanotechnology, nano biochip 
and nano-biomaterials applicable to human health and 
medicinal benefits [8]. A device for detecting cancer and 
dengue cells at the earliest stage is being developed using 
various structures, among structure being produced which are 
nanowire, nanogap, nanoparticles, nano-thin film which have 
a variety of geometries and configuration [9]. The device 
provides powerful general platforms for the ultrasensitive 
direct electrical detection of biological and chemical species 
[10]. When that particular target is found, the sensor designed 
bind to complementary targets in the cells and produce 
electrical signal [11]. Various devices such as nanofibers, 
magnetic nanoparticles, gold nanoparticles and carbon 
nanotubes are being used in a sensor that detects proteins and 
DNA for usage of a specific disease. Various tests have 
proved these sensors accurate in detecting target molecules 
and results shown in less than half an hour [12]. Nowadays, 
these applications in medicine are undergoing rapid changes. 
Nanowires are defined as metallic or semiconducting 
particles having a high aspect ratio, with cross-sectional 
diameters «1 µm, and lengths as long as tens of microns. 
Nanoparticles and nanorods <1 µm in length are also 
interesting for biomolecular detection [13]. They are popular 
and attractive since their size is small, have high surface-to-
volume ratios or electronic, optical and magnetic properties. 
Semiconductive nanowire-based biosensors are capable of 
label-free detection of biological molecules [14]. 
Nano-FET (field-effect transistor) biosensors exhibiting 
high sensitivities toward proteins, nucleic acids, and viruses 
have been demonstrated. Nanotechnology has often been 
used to amplify or transduce certain biological reactions into 
a proper signal. It is to estimate the concentration of a given 
analyte [15]. Therefore, due to improvements in 
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nanotechnology, the development of biosensors has been 
primarily advancing rapidly. Multiplexing is achieved by 
preparing optically distinguishable nanowires [16]. For 
example, by altering the sequence of different metal segments 
in the nanowires or by changing the diameter along metallic 
wires [17]. 
The device has generally shown the ability to be used for 
both detection, and molecule germicide with optimized 
characteristics and the device can be integrated fabricated 
microfluidics with smooth flow based on passive mechanism 
[17]. The integration of the device with microfluidic brings 
several advantages such as allowing to understand the effect 
of sensitivity and selectivity of the sensor after the integration 
of nanostructures and nanomaterials in one single device.  
Moreover, this will equally allow comparing the performance 
of the chip through characterization and its readability of 
measurements [18]. Generally, the silicon nanowire 
biosensor is a great tool because of their ultra-sensitivity, 
selectivity, and label-free and real-time detection capabilities.  
It also offers several applications especially in the biosensor 
as screenings application options for high selectivity and 
sensitivity, as well as high throughput detection. Adapting the 
nanowire as a biosensor, the cost of medical diagnosis can be 
reduced as well as opting for a faster detection at a very low 
amount of concentration [19]. The device reduces the time of 
detection which allows for rapid identification within the 
possibility of within 1 hour for confirmation as mentioned 
above and can use for multiple detections [20]. Generally, the 
biosensors can be classified into various types according to 
signal transduction or biorecognition events [21].  
On the basis of transducing elements, biosensors can be 
categorized as piezoelectric, optical or electrochemical 
sensors. In the arena of medical diagnostics and 
environmental applications, nanotechnology-based 
biosensors could also be used. There are 3 parts of DNA 
biosensors [22]. The first one is a solid surface of a 
transducer. Then, a single strand of DNA immobilized onto 
the surface which is the probe [23]. The last one is the 
sequence-specific single-stranded DNA which is the target. 
Furthermore, the core of a DNA is based on the detection of 
the single-stranded DNA. Escherichia Coli or known as E. 
coli lives in the digestive tracts of humans and animals. 
Mostly harmless, some pathogenic which can cause illness 
such as diarrhea. Escherichia coli (E. coli) O157:H7 was first 
discovered in 1982. It was known as the most virulent food-
borne pathogenic bacteria in 1996 [24]. 
The sensor can be employed to detect E coli based on the 
DNA, the possibility of accurate detection is based assisted 
the microfluidic channel that has the capability to derive fluid 
through capillary phenomenon which could be used to drive 
molecular samples to reaction domain. However, the 
characterization of obtained real mechanism and optimization 
to valid the sensor data is challenging, especially fabrication 
of stable biosensor posed serious challenges [26, 27].  
For practical applications, improved production techniques 
for multiplexed sensors containing a diverse range of 
biomolecules are needed. To characterize and optimize 
fabricated microfluidics morphologically using a few test 
system for topography and leakage test. Study the effect of 
sensitivity and selectivity of the sensor after the integration of 
nanostructures and nanomaterials in one single device. 
Compare the performance of Lab-On-Chip through 
characterization and its readability of measurements [28]. 
Polysilicon nanowire biosensor will be applied as a 
promising tool in biosensor design because of their ultra-
sensitivity, selectivity, and label-free and real-time detection 
capabilities. The use of biosensor as screenings application 
options for high selectivity and sensitivity, as well as high 
throughput detection [29]. 
By applying a nanowire biosensor as a Lab-On-Chip 
module, the cost of conventional methods can be reduced as 
well as opting for a faster detection at a very low amount of 
concentration [30]. The use of nanobiosensor allows for rapid 
identification with the possibility of within 1 hour for 
confirmation, in addition to multiple detections of diseases 
[29]. The use of nanobiosensor allows for rapid identification 
at reduced risk for infection of laboratory personnel. The 
speciation part of the laboratory work can then be performed 
with killed bacteria or the template DNA thereof. It took days 
and sometimes weeks for the detection of pathogens causing 
a certain disease. This device will offer early detection of 
diseases. For both diseases, early detection is particularly 
important to eliminate differential diagnoses and to start the 




The process is as follows; the 0.5 microlid (uL) of GNP 
15nm was added onto the bare device and waited for 30 
minutes to let the solution evaporate. The GNP 15nm is a 
pinkish liquid. This process needs to be done at Laminar Flow 
Cabinet. The cabinet is an enclosed bench designed to prevent 
contamination of semiconductor wafers, biological samples 
or any particle sensitive devices. It is also can be used for UV 
curing. After 30 minutes, measure the IV characteristic. Bare 
+ GNP 15nm + APTES.  After that, add 0.5 microlid (uL) of 
APTES onto the device and wait for another 30 minutes. As 
shown in Figure 1 
 
 
Figure 1: Scheme for the surface modification, immobilization, and 
hybridization 
 
APTES is to provide contact between the organic & 
inorganic surfaces of a single-stranded DNA probe & SiO2 
nanoparticles while maintaining the sensing system’s 
physical characteristics. Measure the IV characteristic after 
30 minutes. Bare + GNP 15nm + APTES + Probe. Add 0.5 
microlid (uL) of the probe onto the device and wait for 30 
minutes. The probe is a single strand of DNA immobilized 
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onto the surface. Measure the IV characteristic after 30 
minutes. Bare + GNP 15nm + APTES + Probe + Target. 
Lastly, add 0.5 microlid (uL) of the target which is the DNA 
of E. coli and wait for 30 minutes, the typical APTES peak is 
shown in Figure 2. The device selectivity was further 
analyzed by hybridizing 3 different targets independently.  
The other targets are a non-complement target, mismatch 
DNA, and DI water. 
 
III. RESULTS AND DISCUSSIONS 
 
To examine response of the devices barred IDE (ide3-1) 
configuration was prepared, the black traced curved  with ~ 
200pA is recorded prior to surface modification, the 
modification could allow and enhance the IDE electrical 
properties by allowing the polarized charged molecules 
attached to the sensor surface, the modified IDE  device was 
tested in solutions with putting gold Nano particles, the red 
curve in Figure 3 indicated the range of the electrical response 
of the IDE (ide3-1/gnp) , it exhibited increases in 
conductance, in turn, allow more electrons to jump the ide 
barriers electrode , this is repressed in red curves with ~1nA. 
The highest curve with blue indicating highest current values 
recorded, this wonderful behavior was seen with APTEs 
dropped on gnp treated IDE, minimum curve In black 
indicating the minimum current recorded according to with 
the barred device.  To observe the behavior of charged 
molecules, present in the sensor surface, from the series of the 
modification step, the device electrical profile continues to 
alter as at any time when the device is subjected surface 
treatment.  
 





















Figure 2: XRD image of APTES 
 
This behavior is resultant from the presence of two distinct 
polarized charges groups that are promoted to come closer 
with each other as results of minimizing the distance of each 
electrode. Thus the band energy gap is reduced thereby higher 
electrons exchanges occurred, the exchange is further 
becoming higher with modification elements are in aqueous 
form, this claim can be observed from figure where the aptes 
application, aptes is normally in aqueous   and upon drop in, 
it was subject to test before fully dried and this has allowed a 
higher current to be recorded with aptes, the reason is simple 
to be at the aqueous  the charge accumulation increase 
becomes eligible to jump from one electrode to another  
resulting in higher negative charge on the idle surface. The 
increase in ion charge enhances the charge accumulation on 
each electrode and this behavior consistent with many results 
of a similar experiment performed which is equally shown in 
[30], which can be further explained by DLVO theory. A high 
concentration of ions in the medium restricts the ion transfer 
and leads to more charge accumulation since electrostatic 
interactions are stronger than the attractive van der Waals 
forces. 
 


















Figure 3: Device response to surface modification, probe immobilization 
and hybridization 
 
In creating a DNA sensor, it is especially imperative to 
self-assemble a monolayer to present a contact layer with 
oligomer DNA. Under atmospheric conditions, the SiO2 
metal oxide was ended by the hydroxyl gather (OH), which 
permits the connection of particles through a condensation 
reaction. Along these lines, APTES was utilized for a 
salinization procedure. The hydroxyl group gatherings were 
hydrolysed and bonds (SiOSi) with APTES. The current for 
SiO2 marginally changes when APTES was basically 
dropped on the created sensor. After immobilization prepare, 
the present esteem unexpectedly increments as per the 
expansion in surface charge thickness from the contrarily 
charged DNA spine Figure 3. 


























Figure 4:  Device response to various concentrations 
 
DNA discovery was further performed by checking the 
concentration-dependent resistance change upon 
hybridization to complementary target DNA. The relative 
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change in resistance was extricated from the I V. An 
undeniable resistance change was acquired when 10 μM 
concentration of corresponding target DNA was hybridized 
to the immobilized DNA probe. Then, the resistance change 
diminished when 10 nM, 10 pM and 10 fM concentration of 
complementary target DNA were utilized as shown in Figure 
4. From these outcomes, it can be presumed that the higher 
concentration of the target DNA was hybridized, the more 
negative charges included the silicon nanowires surface 
which prompts to a collection of more positive charges 
carrier, bringing about the expanding of the relative change 
in resistance as watched. Maximizing the immobilization 




The study demonstrates that silicon nanowire sensing 
capability to discriminate molecular probe to that of molecule 
target of supra-genome 21 mers salmonella due to sensitive 
surface chemistries that made distinguishing the two species. 
The device captured the molecule precisely; the approach 
took the advantages of strong binding chemistry created 
between APTES and biomolecule. The results indicated how 
modifications of the nanowires provide sensing capability 
with strong surface chemistries that can lead to specific and 
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